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EPIDEMIOLOGICAL  STUDIES  ON  DIPHTHERIA  IN 
BALTIMORE  FOR  THE  EPIDEMIC  SEASON  OF 
1920-1921 


In  vlev/  of  the  really  meagre  knov/ledge  which 
we  possess  concerning  the  fundamentally  important  facts 
in  the  natural  history  of  the  diphtheria  bacillus,  it 
seemed  wise  to  undertake  a  study  of  this  disease  of  which 
this  report  represents  a  small  part.   The  work  was  under- 
taken under  the  Departments  of  Epidemiology  and  Immunol- 
ogy of  the  School  of  Hygiene  and  Public  Health  and  was 
directed  by  Drs.  w.  H,  Frost  and  C.  G.  Bull  to  whom  I  am 
Indebted  for  an  opportunity  to  collect  this  information. 

Since  there  was  a  limited  time  in  which  I  could 
work,  it  has  been  necessary  to  include  an  analysis  of 
data  on  cases  other  than  those  which  I  personally  visit- 
ed, in  order  to  secure  u   sufficient  volume  of  cases  to 
make  the  findings  significant.   The  group  of  100  cases 
of  known  diphtheria  individually  visited  and  studied  is 
supplemented  by  the  briefer  data  available  from  the  Health 
Department  for  the  tinalysis  of  chronology,  geography,  mor- 
tality and  the  color,  sex  and  age  distributions.   The  fol- 
lowing outline  summarizes  the  subjects  of  the  paper: 


Outline  of  this  study  of  the  epidemiology  of 

diphtheria  In  Baltimore  for  the  epidemic  period  of  1920- 

1921: 

The  863  cases  reported  between  August  1,  1920  and 
January  15,  1921: 


Geographical  distribution. 

Chronological  distribution. 

Force  of  mortality. 

Color  distribution. 

Sex  distribution. 

Age  distribution. 

Incidence  among  the  Schick  susceptible  population. 


The  100  cases  in  the  western  half  of  the  city  studied 
intensively: 

Diagnosis;  elimination  of  doubtful  cases;  selection 

of  data. 
Prior  to  exposure  to  diphtheria,  with  a  comparison 

of  diphtheria,  typhoid  fever  and  poliomyelitis. 
Milk  supply  und  use  of  milk. 
Sanitary  condition  of  household. 
Family  infection;  secondary  cases  in  relation  to  sex 

and  o.ge. 
Special  observations  made  during  the  study. 


The  Geographical  Distribution  of  Diphtheria 
m  Baltimore,  1920-1921.' 

For  the  purposes  of  this  study  the  original  per- 
iod studied,  from  October  15,  1920  to  January  15,  1921, 
was  found  to  be  so  located  in  the  course  of  the  epidemic 
as  to  represent  merely  the  period  of  highest  incidence, 
as  will  be  seen  from  referring  to  the  accompanying  figure 
of  the  ciirve  of  the  epidemic.   In  studying  the  origin  and 
spread  of  the  disease  from  the  geographical  standpoint  it 


is  essential  that  the  first  part  of  the  s  eason' s  epidem- 
ic curve  be  included.   Accordingly  a  study  was  made  of 
the  period  between  August  Ist  and  October  15th  t»nd  it  was 
ascertained  that  in  this  time  the  lowest  point  of  the 
epidemic  occxxrred  in  all  wards  of  the  city.   This  addi- 
tional period  with  its  162  cases  was  therefore  included 
in  the  following  table  which  shows  the  data  for  each  ward. 

It  is  ttt  once  apparent  that  the  epidemic  has  had 
different  periods  in  the  several  wards,  but  further  study 
of  these  ward  reports  by  days  and  weeks  becomes  so  compli- 
cated in  detail  involving  different  geographic  and  popula- 
tion featui^es,  that  exact  conclusions  of  the  methods  of 
spread  cannot  be  reached.   In  certain  wards  like  24,  25 
and  22,  it  is  clear  that  the  prevalence  of  diphtheria  has 
differed  from  that  of  the  city  as  ei  whole,  but  otherwise 
the  conclusions  to  be  reached  are  uncertain. 

In  order  to  analyze  the  complicated  interrelations 
of  the  wards  the  following  method  has  been  adopted:  Geo- 
graphical groupings  have  been  made  of  such  wards  as  are 
most  intimately  associated  by  topographical  situation  and 
the  location  of  the  business  district.   These  groups  are 
four  in  number  and  have  been  chosen  after  a  study  of  the 
manner  in  which  the  pins  on  the  diphtheria  spot  map  are  con- 
densed in  certain  areas.   Such  natural  boundaries  as  the 
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northwest  uoad  middle  branches  of  the  Patapsco  River,  Druid 
Hill  Park  and  Jones  Falls  und  the  artificial  but  none  the 
less  real  isolation  of  the  wards  by  the  central  business 
district  make  apparent  groups  of  wards  on  the  spot  map. 
The  validity  of  these  groupings  is  strengthened  when  it 
Is  considered  that  the  large  majority  of  cases  of  diphther- 
ia are  among  the  children  whose  limitation  of  movement  to 
their  respective  districts  is  much  more  marked  than  with 
adults  and  whose  school  districts  do  not  lie  in  more  than 
one  of  these  sections  as  selected. 

The  districts  as  made  up  of  groups  of  wards  are  as 
follows: 

Eastern  Group:   Wards  1,  2,  3,  5,  6,  7,  8,  10, 

and  26, 
Southern  Group:  Wards  23  and  24, 
Western  Group:   Wards  15,  16,  20,  14,  11,  17, 

18,  19,  4,  21  and  22, 
Northern  Group:  Wards  9  a.nd  12, 
(Wards  25,  27,  28  and  13  do  not  lend  them- 
selves to  any  grouping). 

In  the  accompanying  tables  the  incidence  of  reported  cases 
by  weeks  is  shown  for  each  group  in  the  table  as  well  as 
for  the  city  as  a  whole  and  the  cases  are  plotted  both  nu- 
merically and  as  rates. 

It  is  evident  from  these  epidfcmlc  curves  in  the 
different  sections  of  town  that  the  eastern  and  western 
groups  are  similar  to  the  whole  city  both  as  to  the  time 
of  the  epidemic  and  as  to  the  case  rate.   On  the  other  hand. 


the  southern  and  northern  groups  (each  made  up  only  of 
two  wards  )  have  had  an  epidemic  with  cl  mode  quite  differ- 
ent from  the  entire  city  and  an  epidemic  of  much  higher 
rate  than  that  of  the  whole  city. 

In  other  words,  the  diphtheria  in  Baltimore,  al- 
though spread  widely  throughout  the  city,  has  had  differ- 
ent prevalence  in  the  various  sections,  both  as  tc  time 
and  case  rate.   It  does  not  seem  that  differing  age  dis- 
tribution would  account  for  these  observed  differences  in 
the  four  sections.   Race  distribution  has  been  adjusted 
for  each  ward  by  computing  the  cases  for  the  white  popula- 
tion only  txnd  it  seems  clear  that  the  location  of  the  negro 
districts  has  little  to  do  with  the  prevalence  of  the  dis- 
ease among  the  white  population. 

Chronological  Studies  on  the  Epidemic  of 
'  Diphtheria  in  BaltimoreT 

The  object  of  this  study  is  to  ascertain  whether 
the  spread  of  diphtheria  in  this  city  is  of  u  radi  al  sort 
from  tt  single  or  at  most  a  few  sources,  or  whether  the 
spread  is  from  multiple  foci  so  distributed  that  the  epi- 
demic was  virtually  simultaneous  in  all  parts  of  the  city. 

No  entirely  satisfactory  geographical  groupings 
of  the  wards  could  be  made  for  this  purpose,  since  conti- 
guous wards  must  inevitably  be  classified  under  different 
groups.   The  preceding  section  has  dealt  with  the  epidemic 


In  different  cceographical  sections.   Accordingly  a  chron- 
ological grouping  was  made  which  offered  more  evidence 
of  applicability. 

The  median  case  for  the  epidemic  period  August  1, 
1920  to  January  15,  1921,  was  ascertained  for  each  ward 
and  the  date  of  report  of  that  case  was  taken  as  the  best 
average  of  the  epidemic  c\irve  in  that  ward.   It  was  found 
that  the  dates  of  the  median  cases  covered  a  period  from 
October  22nd  for  Ward  27  to  December  18  for  V/ard  5.  These 
dates  fell  into  four  natural  periods,  as  will  be  seen  from 
the  accompanying  table, 

Baltimore  Wards  arranged  in  order  of  the  date  of 
the  median  case: 

Ward   Median  Case  Date  Ward  Median  Case  Date 


27 

October  22 

6 

November  22 

28 

24 

10 

24 

26 

24 

13 

24 

24 

25 

19 

24 

23 

27 

18 

27 

4 

29 

7 

27 

3 

November  11 

21 

28 

26 

13 

11 

29 

1 

15 

17 

December  1 

2 

15 

8 

5 

9 

15 

22 

5 

16 

19 

15 

9 

12 

20 

14 

12 

20 

20 

5 

18 

When  the  dates  of  these  median  casea  are  compared 
with  the  distribution  of  the  Wards  it  is  seen  that  the  outer- 
most wards  of  the  city  passed  the  mid-point  of  the  epidemic 
in  the  earliest  s^roup,  and  conversely  that  the  wards  near 


the  center  of  the  city  had  In  general  a  later  epidemic. 
The  more  sparsely  settled  periphery  of  the  city  had  an 
earlier  median  case  than  the  more  densely  settled  cen- 
tral portion  of  tovm.   It  can  be  seen  that  the  Locust 
Point  section  (Wards  23  and  24)  and  the  section  includ- 
ing iVards  9  and  12  had  uniformly  earlier  median  cases. 
This  fact  is  obvious  from  the  epidemic  curves  of  the 
whole  city  ^nd  those  of  the  eastern  and  western  sections. 

The  case  rates,  using  as  a  basis  the  1920  white 
population  in  each  ward,  when  arranged  chronologically, 
according  to  the  dates  of  the  median  case,  shows  an  ap- 
parent random  prevalence  among  the  Wards.   That  is,  the 
case  rate  does  not  show  any  decided  tendency  to  change  as  the 
date  of  the  median  case  moves  among  the  wards  from  Octo- 
ber 22nd  to  December  18th. 

The  significant  feature  of  this  case  rate  in 
the  wardo  is  only  brought  out  when  the  results  are  grouped. 
The  same  convenient  chronological  groups  us'ed  in  the  time 
distribution  serve  equally  well  for  this  study  of  case  inci- 
dence.  The  table  accompanying  shows  the  case  incidence 
among  the  wards  of  each  group  to  be  the  highest  in  the 
group  having  the  earliest  median  case  date  and  lowest  in 
the  grouping  having  the  latest  median  case  date.   (see  page 
9.) 

It  seems  rather  significant  that  this  case  rate 
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figure  should  decline  so  re/:rularly  as  the  date  of  the 
median  case  in  t  he  wards  advanced.   The  change  of  2b% 
between  the  extreme  rates  seems  a  definite  fact  v.hich 
indicates  a  decline  in  the  ability  of  the  organism  of 
diphtheria  to  produce  clinical  cases  of  the  disease  as 
the  time  increases  from  the  beginning;  of  the  year's  epi- 
demic.  It  is,  of  course,  possible  that  an  increasing 
Imnunity  among  the  population  wotild  c^c count  for  this 
change. 

The  table  shov/ing  the  wards  arranged  in  order 
of  their  case  rates  does  not  demonstrate  the  facts  just 
mentioned  very  strikingly,  since  there  is  considerable 
deviation  from  the  average  of  the  group  .vhen  the  small 
number  of  cases  per  v/ard  are  considered. 

The  conclusions  to  be  drawn  from  the  chronol- 
ogy of  the  epidemic  in  brief  are  as  follows:   The  disease 
has  a  striking  seasonal  variation  in  Baltimore  which  is 
similar  to  the  seasonal  curve  of  other  large  cities.   The 
disease  breaks  out  simultaneously,  it  would  seem,  in 
almost  all  sections  of  the  city  during  September.   Closer 
analysis  shows  that  this  outbreak  comes  decidedly  earlier 
in  some  wards  and  in  some  groups  of  wards  than  in  others. 
There  is  a  marked  difference  in  the  case  rate  in  different 
wards  and  different  sections  and  the  case  rate  is  highest 
in  the  wards  which  pass  their  mid-point  of  the  epidemic 
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THE  CASE  RATES  OP  DIPHTHERIA  PER  1000  WHITE  POPULATION 
IN  BALTIMORE,  AUGUST  1,  1920  -  JANUARY  15,  1921.  WARDS 
ARRANGED  IN  ORDER  OF  THE  MEDIAN  CASE  AND  GROUPED  ACCORD- 
ING TO  THE  DATES  OF  THESE  MEDIAN 
CASES 


Chronological 

Ward 

^Vhite 
Population 

Cases 
Reported 

Case 
Rate 

Groupings 

Cases  Case 

Reported  Rates 

27 

34,599 

58 

1.68 

28 

7,773 

2 

0.26 

25 

15,552 

19 

1.22 

24 

24,533 

67 

2.73 

169    1.58 

23 

14,074 

13 

0.92 

4 

10,184 

10 

0.97 

3 

17,413 

23 

1.32 

26 

36,280 

70 

1.93 

1 

33,089 

43 

1.30 

2 

20,511 

36 

1.75 

335    1.44 

9 

29,582 

46 

1.56 

16 

29,138 

34 

1.17 

12 

31,303 

50 

1.60 

20 

36,002 

33 

0.92 

6 

27,735 

43 

1.59 

10 

16,766 

10 

0.60 

13 

33,003 

43 

1.30 

19 

19,421 

12 

0.62 

18 

14,581 

28 

1.92 

230    1.32 

7 

27,980 

36 

1.28 

21 

16,716 

32 

1.92 

11 

14,326 

15 

1.05 

17 

4,938 

11 

2.23 

8 

35,643 

44 

1.24 

22 

10,045 

11 

1.10 

15 

40,245 

44 

1.10 

130    1.18 

14 

12,620 

17 

1.35 

5 

11,062 

14 

1.26 

Total 

625,074 

864 

1.41 

10 

earliest.   The  more  sparsely  settled  wards  had  ,  in 
general,  en  earlier  epidemic  with  more  clinical  cases 
than  wards  densely  settled.   The  case-rate  decline  as 
the  date  of  the  median  case  advanced  is  regular  and 
seemingly  significant. 

These  findings  indicate  that  diphtheria  in 
Baltimore  is  a  city-wide  disease  which  is  not  simultan- 
eous in  its  course  throughout  the  city.   Whether  the 
spread  be  radial  or  not  is  not  definitely  certain,  but 
it  seems  not  to  spread  radially  from  a  single  or  from 
relatively  few  foci,  as  judged  from  our  somewhat  gross 
morbidity  data.   In  this  sense  the  epidemic  does  not 
resemble  Poliomyelitis  closelj?-  in  its  course  through  a 
metropolitan  area  v;here  the  radial  nature  of  its  spread 
has  been  clearly  demonstrated.   From  this  fact  it  seems 
safe  to  conclude  that  the  virus  v/hich  is  responsible  for 
the  epidemic  is  not  an  exotic  strain  introduced  at  one 
point.   More  likely,  it  is  rather  an  ubuquitous  organism, 
as  one  would  suppose  from  the  observations  which  have 
been  made  on  its  life  history  and  the  disease  is  probab- 
ly a  multiple  focus  type  in  Its  epidemic  form. 

As  regards  the  force  of  mortality  operating 
during  this  period,  tx   sumriary  of  the  deaths  v/hich  occurred 
in  Baltimore  between  October  15,  1920  and  January  15, 
1921  shows  36  deaths  with  cause  assigned  to  Diphtheria 
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and  Croup.   Comparison  with  the  20  years  preceding  show 
In  these  same  months  an  average  of  37,6  deaths  from 
diphtheria,  (maximum  19,  minimum  15),  so  this  period 
under  study  Is  rather  typical  for  Baltimore  In  this  re- 
spect.  Of  these  36  deaths  two  were  unreported  as  cases, 
30  there  are  703  known  cases  of  diphtheria  in  this  three- 
month  period  responsible  for  36  deaths,  or  a  case  fatal- 
ity of  5.1^. 

Quite  obviously,  this  means  of  estimating  a 
case  fatality  depends  for  its  accuracy  very  largely  on 
the  completeness  of  reporting,  v/hich  is  ass\imeci  to  be 
good  as  regards  definitely  clinical  cases  of  diphtheria 
in  Baltimore.   It  is  interesting  to  note  that  the  Nev/  York 
State  report  for  November,  1920,  a  period  included  in 
the  interval  here  considered,  shov/s  the  case  fatality  to 
be  as  follows: 

New  York  State  5,3$^ 

New  York  City 5.6^ 

State  outside  New  York  City  5.1^ 

Cities  5.1^ 

Rural  b,2% 

The  only  other  comparable  figures  at  hand  show  Chicago's 

case  fatality  to  have  been  in  May  1 ,b%   and  in  November 

and  October  Q,l%,   while  Winnipeg's  records  for  16  months 

show  a  figure  of  6.1/^.   From  these  data  it  seems  fair  to 

assume  that  the  force  of  mortality  is  within  usual  li-nits 

for  American  cities. 
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A  study  of  the  months  in  which  the  annual 
epidemic  mode  (deaths)  occurred  durinp^  the  period  1860- 
1919  (60  years)  shows  the  following  percentage  distri- 
bution of  modes  in  the  several  months: 

September  ...  1.45^ 

October 17.405^ 

November  ....20.30:i^ 
December  ....27,50^ 

January 17 .  40% 

February 5.80^ 

March  5.80^ 

April  4.35^ 

Nineteen  hundred  and  twenty-twenty-one  has  two  peaks 
falling  in  December  and  January.   The  seasonal  distri- 
bution of  the  mode  is  within  the  usual  limits  for  Balti- 
inore. 

THE  COLOR  DISTRIBUTION  OF  THE  CASES  OF 
DIPHTHERIA 

From  the  table  showing  the  case  rate  for  each 
age,  sex  and  color  it  will  be  seen  that  the  colored  popu- 
lation has  a  decidedly  lower  case  incidence  than  the 
white.   This  was  evident  from  the  gross  figures  in  which 
the  negroes  contributed  only  17  of  the  701  cases,  while 
they  constitute  15:;b  of  the  population  in  Baltimore.   In 
terms  of  rates,  the  colored  population  had  an  incidence 
of  0.157  cases  per  1000  during  the  same  months  when  the 
white  population  had  an  incidence  of  1.092. 

Other  comparable  figures  are  not  easily  found 
for  cases,  although  the  favorable  death  rate  among  negroes 
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Is  evident  from  the  Registration  Area  mortality  statlJ 
tics.  In  the  Surgeon  General  of  the  U.S.  Army  Reports 
for  1919  and  1920  the  following  data  are  obtained: 


Diphtheria  Annual  Rates 

Admissions per  1000  mean  strength 

1919     U.  S.  Europe  1920     U.S.   Europe 

'.Vhite    2.78    2,53  '."/hite    2.62   2.82 

Colored   1.04   0.46  Colored   0.78   1.39 

Total     2.62    2.31  Total     2.47    3.31 


These  bear  out  the  Baltimore  rates,  though  there  is  in 
Baltimore  the  more  striking  difference  because  of  a 
population  containing  a  mu.ch  higher  percent  of  diph- 
theria susceptibles. 

The  curves  herewith  showing  the  relative  color 
Incidence  of  cases  show  that  this  significant  difference 
is  susceptibility  holds  good  ut  all  ages  and  for  both 
sexes.   The  mechanism  of  this  immunity  was  not  within 
the  scope  of  this  investigation  and  there  was  not  enough 
experience  with  the  negro  cases  to  v/arrant  any  conclu- 
sions.  The  whole  question  deserves  careful  study  with 
numerous  Schick  tests  at  the  different  ages.   Certainly 
the  negroes  were  exposed  to  the  disease,  for  they  meet 
the  Y/hlte  population  at  every  turn  and  there  v/ere  isolated 
cases  eonong  their  own  number.   To  be  sure,  the  echool 
populations  are  separate  for  their  actual  echool  work. 
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but  that  appears  to  be  «11,   Ko  data  have  been  found  con- 
cerning the  occurrence  of  diphtheria  bacilli  among  any 
considerable  number  of  colored  persons. 

There  are  several  observations  recorded  in  the 
last  section  of  this  paper  v/hich  give  a  strong  indica- 
tion that  there  are  other  factors  than  that  of  antitoxin 
in  the  determination  of  immunity  to  the  disease.   The  re- 
lative Importance  of  these  --  let  us  say  antibacterial 
substances  in  the  immunity  of  the  negroes  should  not  go 
undiscovered. 

TEE  SEX  DISTRIBUTION  OF  CASES  OF  DIPHTHERIA 
IN  BALTIMORE 

The  following  tables  show  that  there  is  a  con- 
siderable difference  in  the  sex  rates  at  different  ages 
for  Baltimore.   The  graphs  herewith  show  white  cases  only. 
This  sex  difference  is  to  be  expected,  although  the  total 
figures  for  each  sex  show  no  difference.   However,  the 
difference  observed  in  the  younger  years  may  be  explained, 
the  usual  predominance  among  adult  females  by  corai'ion  consent 
is  ascribed  to  their  greater  exposure  in  their  duties  as 
nurses  to  sick  children.   The  exces.s  of  femal  over  male 
cases  in  the  a,<Tes  1-4,  inclusive,  and  that  of  males  over 
females  In  the  ages  7-9,  Inclusive,  is  intertisting  but 
possibly  accidental  In  origin. 

The  comparative  figures  v/lth  Providence  chow 
definitely  the  tendency  for  females  to  have  more  cases 
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in  later  life,  but  the  differences  in  early  life  are 
not  parallel,   '/Yhy  there  should  be  this  diversity  is 
not  apparent.   The  graph  showing  the  sex  ratios  com- 
pares these  two  cities  in  a  convenient  way.   The  Provi- 
dence  data  cover  cases  reported  between  1896  and  1913, 
as  shown  in  the  annual  report  for  1913,   The  Baltimore 
data  are  for  the  period  October  15,  1920  -  January  15, 
1921, 


i^RaVIDl^TCl^ 


'aALTIt/6^.5 


Lale 

tv!ale 

Ages 

Males 

Females 

Ratio 

Females 

=100 

Ratio 

Females 

=100 

Females 

Males 

0-4 

975 

847 

115,0 

100.0 

135 

135 

5-9 

1071 

1210 

88.8 

135.0 

109 

147 

10-14 

400 

480 

83.6 

71.3 

42 

30 

15-19 

127 

165 

77.0 

111.0 

9 

10 

20  &  over  249 

416 

60.0 

40,4 

47 

19 

Total 


2822    3118      90,7 


100.0     342     341 
bALtlMORT:; 


Ages 


All  Males  All  Female: 


T 


All  Males  All  Females 


0-4 

34.5 

27.2 

39,6 

39.5 

5-9 

38.0 

38.7 

43,2 

31.9 

10-14 

14.2 

15.4 

8.7 

12.3 

15r-19 

4.5 

5.3 

3.0 

2.6 

20  &  over 

8.8 

13.4 

5.5 

13.7 

100.0 


100.0 


100.0 


ICO.O 
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THE  AGE  DISTHIBUTION  OF  DIPHTHERIA 
CASES 

The  accompanying  table  and  graph  speak  for 
themselves.   The  distinct  peaks  at  3  and  at  6  years  are 
possibly  worth  t,peclal  mention,  the  latter  cominf/  when 
school  begins  for  most  children  tind  the  former  may  be 
assumed  to  occur  at  a  time  when  the  motility  and  conse- 
quent exposure  of  the  children  greatly  increases.   It 
is  significant  that  these  same  ctge  peaks  occur  in  the 
Edinburgh  results  when  summarized  over  a  number  of  years, 
but  unfortunately  for  this  assumption,  in  Edinburgh  the 
children  begin  school  considerably  earlier  than  in  Bal- 
timore, According  to  Sir  Arthur  Newsholme,  this  age  is 
often  as  early  as  three  years. 

It  is  interesting  to  compare  the  figures  for 
Providence  and  Baltim.ore  in  the  matter  of  age  distribu- 
tion a.nd  the  following  tables  and  graphs  show  the  number 
of  cases  occurring  in  the  stated  periods  for  each  speci- 
fied age  or  age  group.   They  also  show  in  parallel  col- 
umns the  percentage  of  the  total  cases  which  occurred  at 
each  age. 

It  is  seen  from  these  figures  that  the  age  dis- 
tribution of  diphtheria  cases  in  Baltimore  is  quite  dif- 
ferent from  that  of  Providence,   The  Baltimore  epidemic 
of  1920-21  showr  a  preponderance  of  cases  over  Providence 
in  t  he  years  up  to  seven  c^nd  Providence  shows  a  preponderance 
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THE  AGE  DISTRIBUTION  OF  DIPHTHERIA  CASES  IN  PRO- 
VIDENCE 1896-1913  AND  IN  BALTIMORE  1920-1921 


BALTilvIftft^' 

PRoVTBk'McE 

Age 

Iliiniber 

/o 

Number 

% 

of 

of 

of 

of 

Cases 

Total 

Cases 

Total 

Under  1 

12 

1.7 

110 

1.8 

1 

47 

6.7 

286 

4.8 

2 

65 

9.3 

456 

7.7 

3 

82 

11.8 

445 

7.5 

4 

70 

10.0 

525 

8.8 

5 

65 

9.3 

506 

8.5 

6 

72 

10.2 

546 

9.2 

7 

47 

6.7 

491 

8.2 

8 

45 

6.4 

420 

7.1 

9 

31 

4.4 

318 

5.3 

10 

21 

3.0 

267 

4.5 

11 

17 

2.4 

206 

3.5 

12 

19 

2.7 

179 

3.0 

13 

7 

1.0 

126 

2.2 

14 

10 

1.4 

102 

1.7 

15-19 

20 

2.8 

292 

4.9 

20  h   over 

71 

10.2 

665 

11.3 

Total 

701 

100.0 

5940 

100.0 

thereafter.   The  disease  in  Providence  thus  is  preva- 
lent later  in  life  than  in  Baltimore.   It  is  striking 
in  this  connection  that  the  death  rate  from  diphtheria 
in  Providence  is  consistently  higher,  generally  twice 
as  high,  as  Baltimore  and  that  there  is  ubout  four  times 
as  high  a  secondary  attack  rate  in  Providence  as  in 

Baltimore.   '.Vhy  this  apparently  greater  severity  in 
Providence  should  operate  in  the  older  ages  is  not  at 

all  clear.   Although  these  figures  have  not  been  ex- 
pressed as  rates  for  each  age,  it  is  not  apparent  that 
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any  difference  in  age  distribution  of  this  magnitude 
of  the  population  exists  in  the  two  cities. 


THE  INCIDtNCt  OF  DIPHTHEFvlA  AMONG  THE 
SCHICK  SUSCEPTIBLE  POPULATION 


In  a  summary  of  the  published  results  of 
Schick  teats,  Mr.  W.  T,  Fales  has  constructed  a  table 
of  the  combined  results  of  such  observations  as  lend  them- 
selves to  cpmparison.  Unfortunately,  the  age  rubric  is 
not  given  by  single  years  or  in  similar  multiples  of 
years  by  many  observers,  but  the  follov/ing  table  sum- 
marized from  the  sources  below  gives  the  percentage  sus- 
ceptibility at  each  age  group  indicated. 

The  sources  of  combined  Schick  test  results 

are  as  follows: 

2700  cases  -  Three  large  orphan  asylums  in  New  York  - 

Zingher. 
1076  cases  -  Home  for  Hebrew  Infants,  New  York  -  Blum. 
796  cases  -  Scarlet  Fever  patients,  '.Villard  Parker 

Hospital,  K.Y.  --  Zingher. 
670  cases  -  Chicago  Health  Department  -  Burndesen. 
497  cases  -  New  York  Foundling  Asylvim  -  Zingher. 
494  cases  -  Hebrew  Infant  Asylum,  New  York  -Zuckerman. 
429  cases  -  Nev/  York  Protectory  -  Zingher. 
425  cases  -  Metropolitan  Hospital  -  Moffatt  and  Conrad. 
358  cases  -  St.  Louis  Children's  Hospital  -  Moody. 
171  cases  -  Institute  of  I^ercy  -  Zingher. 
151  cases  -  Dominican  Convent  -  Zingher. 
123  cases  -  Home  for  Jewish  Children,  Boston  -Linenthan 
and  Rubin. 
90  cases  -  Philadelphia.   Kolmer  and  Moshage. 

It  seemed  of  significance  to  convert  this  curve 

of  Schick  susceptibles  into  the  Baltimore  population  and 
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having  secured  for  each  age  the  susceptible  population, 
to  compute  the  rate  for  such  cases  as  c^ctually  occuri-ed 
In  each  age  n;roup.   For  this  purpose  the  white  popula- 
tion only  v/as  used.   This  was  for  two  reasons:   (1)  The 
Schick  results  quoted  were  as  far  as  known  fron  white 
children,  and  (2)  the  v/hlte  population  v/as  contributing 
cases  of  diphtheria  at  a  rate  nearly  ten  times  that  of 
the  negro  population  in  Baltimore,  so  the  negro  portion 
can  be  reasonably  excluded. 


THE  INCIDENCE  OF  DIPHTHERIA  IK  BALTIMORE  BY  aGE  GROUPS  - 
AMONG  PERSONS  SUSCEPTIBLE  TO  DIPHTHERIA 
AS  INDICATED  BY  THE  SCHICK  TEST 


Per  Cent 



Positive 

Baltimore 

Cases 

Rate 

Age 

Schicks 

White 

Assximed 

in 

per  1000 

Groups 

In 

Population 

Susceptl- 

Baltimore 

Suscep- 

Combined 

bles 

for 

tlbles 

Reports 

3  Months 

0-1 

36.4 

11,868 

4,320 

11 

2.55 

1 

54.6 

11,244 

6,139 

47 

7.63 

2-3 

47.2 

25,604 

12,085 

142 

11.7 

4-5 

32.8 

24,661 

8,089 

134 

16.6 

6-7 

25.4 

22,804 

5,792 

116 

20.0 

8-9 

24.1 

21,770 

5,247 

76 

14.5 

10-11 

26.9 

22,187 

5,968 

36 

6.0 

12-13 

26.3 

22,445 

5,903 

26 

4.4 

14-15 

16.2 

24,006 

3,889 

14 

3.6 

(See  accompanying  graph.) 
It  is  unfortunate  that  the  Schick  results  used 
In  this  study  are  not  from  observations  made  among  Balti- 
more children,  but  such  are  not  available  on  any  scale. 
Most  of  the  sources  of  these  Schick  tests  are  institutions 
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where  it  Is  niuch  easier  to  test  a  large  number  of 
children.   Whether  children  in  a   general  population 
show  a  difference  susceptibility  curve  from  these 
institutions  is  ^  point  that  is  still  obscure.   It 
seems  reasonable,  however,  to  regard  this  study  of  the 
rate  of  incidence  among  Schick  suaceptibles  as  free 
from  gross  error, 

AssuminfT  the  validity  of  this  data,  by  this 
method  the  susceptibility  of  all  the  children  ^s   re- 
gards antitoxin  in  the  blood  is  reduced  to  a  common 
denominator.   If  the  incidence  of  disease  for  a  given 
individual  depends,  as  is  generally  c^ssvined,  on  the 
two  factors  susceptibility  and  exposure,  then  this 
curve  should  indicate  the  varying  exposure  of  the  dif- 
ferent ages  to  the  infection,   'JVhile  it  is  conceivable 
that  the  exposure  of  an  individual  increases  rather 
arithmetically  from  birth  to  the  seventh  year,  as  indi- 
cated by  this  graph,  it  is  not  apparent  why  his  expo- 
sure to  diphtheria  shovild  decrease  thereafter  for  at 
least  eight  years.   It  would  be  interesting  to  know 
whether  there  are  sex  differences  in  this  Schick  immun- 
ity which  would  explain  the  disparity  of  incidence  in 
the  sexes  at  various  ages. 

Aside  from  the  possible  errors  noted  above 
which  may  confuse  the  result  of  this  study,  is  the 
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probability  that  the  Schick  test  is  not  an  index  of  the 
total  diphtheria  iminunity.   This  is  indicated  by  tr.e  fact 
that  75  percent  of  individuals  v/ho  recover  from  diphther- 
ia v/ithout  antitoxin  have  positive  Schick  reactions  (Park), 
so  that  their  immunity  is  probably  antibacterial  rather 
than  antitoxic.   Also  the  finding  in  our  ov/n  series  (Case 
1,  No,  5)  of  diphtheria  bacilli  of  proven  virulence  in 
the  nose  and  throat  of  Schick  positive  individuals  serves  ^ 
to  strengthen  this  view.   If  this  other-than-antitoxic  im- 
munity --call  it  antibacterial  for  convenience  --  be  de- 
veloped only  after  age  seven,  the  curve  of  the  table  above 
would  be  quite  understandable,   Otherv/ise  the  reason  for  a 
decreasing  incidence  among  the  susceptible  children  from 
the  seventh  to  the  fifteenth  year  is  quite  obscure. 

This  completes  the  extensive  studies  on  the 
863  cases  reported  between  August  1st  and  January  15th, 
The  intensively  studied  group  of  100  cases  follows. 

CITE  HUNDRED  CLINICAL  CASES  OF  DIPHTHERIA  IN  WES- 
TERN BALTIMORE  STUDIED  INTilNSIVELY 

Selection  of  tlie  Data: 

The  attempt  was  made  to  select  for  this  paper 

the  first  100  cases  studied  which  could  reasonably  be 

classified  as  true  cases  of  diphtheria  in  a  clinical  sense. 

No  cases  are  included  in  this  series  which  did  not  shov/  t*t 
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least  raorpholo,'j;lcal  diphtheria  bacilli  in  nose  or  throat 
and  which  were  not  true  diphtheria  in  the  opinion  of  the 
attending  physician. 

In  selecting  these  100  cases  it  was  necessary 
to  exclude  17  cases,  as  follows: 

Carriers  only,  detected  in  routine  school  exami- 
nations, 6,  (Cases  4,  9,  13,  28,  81  und  100.) 
Incomplete  cases,  3.  (Cases  20,  26  o.nd   103.) 
Diagnosis  of  clinical  diphtheria  withdrawn  or 

doubtful,  5.  (Cases  39,  43,  44,  85,  109.) 
Out  of  district  and  not  follov/ed,  1.  (Case  71.) 
Patient  died  before  visit,  1.  (Case  66.) 
Patient  removed  before  visit,  1.  (Case  lOL) 
The  two  fatal  cases  in  this  series  (66  and  is6) 
are  necessarily  omitted  because  of  the  lack 
of  enough  complete  data  to  justify  their  use 
for  comparison. 

The  100  cases,  then,  represent  a  series  of  true 

clinical  diphtheria  occurring  over  a  period  of  about  tv/o 

months,  November,  1920  to  January,  1921,  in  Baltimore. 


DATA  REGARDING  THii  PRIOR  EXPOSURES  TO  SOURCES 

OP  INFECTION  OF  100  CLINICAL  ChSES 

OF  DIPHTHERIA 


Information  v/as  obtained  in  each  case  by  careful 
questioning  regarding  the  contacts  of  the  patient  and  his 
associates  with  knov/n  sources  of  diphtheria  c».nd  of  suspi- 
cious exposures  and  situations.  In  classifying  this  data 
some  cases  have  two  or  more  possible  sources  und  the  most 
direct  source  is  cssumed  for  purposes  of  classification. 
The  following  table  sets  out  the  results  of  the  100  cases 
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in  which  a  consistent  effort  was  made  to  ascertain  the 

source: 

Cases  giving  history  of  exposure  to  a  knov/n  case: 
Directly  15% 

Indirectly,  i.e.  through  another 

individual 9% 

Cases  giving  history  of  exposure  to  illness  suspected 
of  being  diphtheria: 

Directly  8% 

Cases  giving  history  of  exposures  to  known c  arrlers 
or  convalescent  cases: 

Directly    5% 

Indirectly    2% 

Cases   giving  only  a  history  of  exposure   to   the   gen- 
eral public: 

Directly   52% 

Indirectly llf^ 

100,^ 


Since  the  contact  data  obtained  in  this  study 
was  obtained  with  similar  diligence  o.nd  thoroughness  to 
that  of  some  recent  Poliomyelitis  and  Typhoid  Fever  stu- 
dies, it  seems  interesting  to  compare  the  results  found 
in  the  contact  source  of  diphtheria  to  that  found  in  these 
other  diseases.   So  far  as  is  known,  there  are  not  avail- 
able comparable  studies  for  other  diseases.   The  striking 
similarity  of  these  studies  v/as  unexpected  ttnd  possibly 
significant  in  that,  as  far  as  this  method  indicates,  un- 
recognized sources  are  responsible  for  the  majority  of  the 
cases. 
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Comparisons  of  the  exposure  histories  obtained 
in  diphtheria,  poliomyelitis  and  typhoid  fever  epidemio- 
logical studies: 

Diphtheria  data  from  the  series  of  100  cases 

reported  herewith. 
Poliomyelitis  data  from  P.H,  Bulletin  91,  p. 

199  (rural  i^roup)  and  p.  157  (city  proup). 
Typhoid  Fever  data  from  Hygienic  Laboratory 

Bulletin  44,  p.  52  and  H.L.B.  35,  p.  53. 


DIPHTHERIA  FOLIOIvrvELITIS  TYPHOID 
CTty   Rural    cTEy   CiCy 
Group    Group   Group    Group 

Total  cases  investi- 
gated       100     263     328    1389 

Cases  giving  history  of 
a  direct  contact  with 
previous  definite  or 

suspected  case  23^   34.6^   21.3)S  11,65^ 

Casrs  giving  history  of 
an  indirect  contact  with 
a  previous  definite  or 

suspected  case 9%  8,4%  1  ,&%        4,755? 

Cases  giving  a  history 
of  an  association  with 

known  carriers ^% 

Cases  giving  a.  history 

of  contact  only  with  the 

general  public  &Z%  57 fo  70,8%     83.6;^ 


THE  SOURCES  OF  THE  MILK  SUPPLY  AND  T?IS  USE  OF 

MILK  OP  THE  100  CASES 

The  milk  source  of  the  100  cases  was  as  follows: 

City  Dairy,  all  branches, 33  Clover  Farm  Dairy  1 

Western  Maryland  Dairy. .  26  Ravine  Dairy 1 

Fairfield  Farms  Dairy...  17  Zalzer  Dairy 1 

Unknown 7   Myrtle  Dairy 1 

Canned  milk  only 5   Malleny  Dairy  1 

Highland  Farm  D^lry  ....   2   Spickler  Dairy  1 

Oak  Grove  Dairy  1   Litzaus  Dairy  1 

Several  Dairies  1   Cloverland  Dairy  1 

Walnut  Grove  Dairy  1  None 1 

*Two  families  received  milk  from  two              '^^■^• 
recorded  sourCis. 
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The  only  data  available  on  the  txmovmt  of  milk 
sold  by  these  dairies  is  an  estimate  of  the  daily  out- 
put appended  to  the  annual  inspection  card.   Fortunately, 
this  inspection  wa.:;  made  in  December,  1920,  during  this 
investigation,  and  the  figures  are  fairly  accurate.   The 
following  table  shows  the  ratio  of  cases  to  output  for 
the  three  dairies  having  significant  representation: 


Diphtheria  Daily  Output  Cases  per 

Families  in  Gals,  of  1000  Qals. 

Supplied  Milk  &  Cream  Milk  &  Cream. 

City  Dairy 33  11,000  3.0 

Western  I.iaryland 

Dairy 26  9,030  2.9 

Fairfield  Farms 

Dairy 17  3,800  4.5 

Total  for  three 

dairies 76  23,830  3.2 


(All  milk  sold  pasteurized  at  145°  F.  for  30  minutes.) 
As  to  the  extent  of  use  of  milk  by  these  100 
diphtheria  patients,  the  following  figures  were  obtained: 


As  a  beverage  49°^ 

None  14^ 

On  cereals  and  coffee...  '56% 

Unknown 1% 


It  is  interesting  to  compare  these  results  in  the 
extent  of  use  of  milk  with  those  obtained  in  Washington  in 
the  study  of  typhoid  fever:  (Hygienic  Laboratory  Bulletin 
78,  page  147,  June,  1906  --  December  1909  studies.) 
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Only 
Milk  as   on  Cereals  None  and 
Beverage  Tea  and    Unknown 
Coffee 


Washington-  2702  persons, 

Typhoid 49.2^     20. 2^^      30.6^ 

Baltimore  -  100  persons, 

Diphtheria 49.0^     36.0?^      15,0^ 


Inasmuch  as  the  age  distribution  of  these  diph- 
theria cases  was  different  from  that  of  the  typhoid  fever 
cases,  it  is  rather  to  be  expected  that  since  the  diphtheria 
patients  are  younger  they  would  drinlc  milk  more  freely.  These 
figures  show  a  smaller  percentage  of  the  sick  in  the  bever- 
age class  than  would  be  expected  if  milk  would  be  a  si^ifi- 
cant  factor  in  the  spread  of  diphtheria.   In  view  of  the 
even  distribution  of  cases  among  the  dairies,  it  seems  rea- 
sonanle  to  conclude  that  Baltimore's  diphtheria  is  not  due 
in  any  large  way  to  the  milk  supply, 

THE  SANITARY  CONDITIONS  OF  THE 
HOMES  OF  THE  100  ChSES  EXAMINED 

As  v/111  be  seen  by  reference  to  the  attached  sam- 
ple of  the  investigation  form,  a  record  was  made  of  each 
case  as  to  the  general  sanitary  condition  of  the  household. 
Four  groups  were  used:  Excellent,  Good,  Fair  and  Poor.   The 
100  homes  shov/ed  the  following  scores: 

Excellent  ....  18'"^       Fair  ....  ZS% 

Poor  ....   11^ 
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The  eight  secondary  cases  in  this  series  shov/  the 

following  distribution  among  the  four  classes  of  sanitary 

condition: 

Excellent  ....  3  or  37.5^   Pair  ....  2  or  25. 0?^ 
Good 3  or  37.5^   Poor  ....  0 

If  one  were  to  judge  from  this  small  number  of 
instances,  it  would  seem  unlikely  that  poor  sanitary  con- 
ditions had  any  great  effect  on  the  rate  of  incidence  of 
secondary  cases.   To  the  field  observers,  it  seemed  evi- 
dent, at  least  in  the  case  of  children  in  the  family,  that 
they  were  all  freely  exposed  to  the  infection  before  any 
isolation  measures  were  established  in  spite  of  the  sani- 
tary status  of  the  household.   This  would  imply  that  the 
occurrence  of  clinical  diphtheria  is  dependant  on  the  pres- 
ence or  absence  of  specific  immunity  rather  than  upon  expo- 
sure to  infection.   A  comparison  of  these  data  v/ith  those 
obtained  in  investigations  of  poliomyelitis  cxnd  typhoid 
fever  does  not  show  any  significant  features,  partly  be- 
cause of  the  rather  uncertain  bases  for  comparison. 

THE  SECONDARY  CASE  RATE  (SECOND/lRY  ATTACK  RATE) 

OF  DIPHTHERIA  IN  BALTIMORE  '.VITH  a   COMPARISON 

OF  THE  PROVIDENCE  EXPERIENCE 

The  tables  presented  on  the  following  page  show 

that  the  experience  among  these  100  cases  in  Baltimore  has 

been  an  attack  rate  of  secondary  cases  much  lower  at  all 

ages  than  Providence  and  for  several  ages  one  quarter  that 
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of  Providence.   The  possible  differences  In  these  data 
may  be  summarized  as  follows:   Dr.  Chapln' s  series  con- 
tains cases  appearing  after  the  original  case  for  a  per- 
iod as  long  as  23  v/eeks,  which  is  considerably  longer  than 
the  Baltimore  observations.   The  percent  of  total  cases 
which  occurred  ut  this  long  interval,  however,  is  so  small 
as  to  be  insignificant  in  the  final  result,  and  it  seems 
likely  that  the  period  of  our  observations  would  include 
a  very  large  percent  of  the  total  niimber  of  secondary 
cases  which  Dr.  Chapin  would  have  recorded. 

The  periods  covered  by  the  tv/o  sets  of  observa- 
tions are  not  simultaneous.   Hov/ever,  Baltimore's  1920- 
1921  death  rate  is  equal  to  the  average  for  the  last  15 
years,  which  would  bring  the  tv/c  series  into  comparison 
as  far  as  the  death  rate  is  concerned  as  an  index  of  the 
severity.   It  may  fairly  be  questioned  whether  the  death 
rate  is  an  adequate  Index  of  severity,  since  it  is  the 
neglected  case  of  diphtheria  rather  than  the  severe  case 
that  dies. 

The  following  table  and  the  i*ccompanying  graph 
of  this  same  data  show  that  at  no  time  between  1906  and 
1917  has  the  Baltimore  death  rate  from  these  causes  been 
equal  to  the  rate  for  Providence.  This  consistent  dis- 
parity seems  quite  significant  in  the  interpretation  of 
the  comparative  data  on  the  secondary  attack  rate. 
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A  COMPARISON  OF  THE  MORTALITY  FROIv:  DIPHTHERIA  AND 
CROUP  IN  BALTIMORE  AND  PROVIDENCE,  1906-1917. 
RATES  PER  100,000 


■  ~  '■■■ 

Annual 

City 

Average   1911  1912  1913  1914  1915  1916  1917 

1906-1910 

Baltimore     14.5    12.0  15.8  15.0  14.8  13.2  10.3   9.8 
Providence    28.3    24.7  32.7  29.6  24.1  22.0  29.8  30.8 


There  would  seem  to  be  no  constant  con-elation 
between  the  latitude  of  American  cities  and  their  death 
rates  from  Diphtheria  which  might  serve  to  account  for 
these  differences.   This  explanation  is  not  infrequently- 
seen  In  text  books  but  it  is  not  borne  out  by  the  data 
for  the  Registration  Area. 

If  one  admits  a  greater  severity  of  diphtheria 
in  Providence  than  in  Baltimore,  then  Brownlee' s  analogy 
in  measles  might  be  invoked  to  explain  Providence's  excess 
of  secondary  cases.   Brownlee  has  shown  that  in  epidemic 
years  measles  has  a  higher  rate  of  spread  in  non-measles 
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wards  than  in  other  years.    Schamberg  ussurnes  this  to  be 
true  for  smallpox  but  the  data  txre  not  convincinp;.   After 
ajl  explanations  are  allowed  in  the  difference  betv/eon  the 
incidence  of  secondary  cases  in  Baltimore  and  Providence, 
there  remains  a  sicfnificant  difference  which  stands  the 
tests  of  fact  and  it  is  sugp!;e3ted  that  very  likely  these 
comparative  secondary  attack  rates  form  the  best  available 
index  of  severity  in  the  case  of  diphtheria. 

SPECIAL  OBSERVATIONS 
There  are  a  fev/  instances  brought  out  during 
this  study  which  are  worthy  of  note  because  of  simificance 
in  the  numerous  unsolved  problems  of  diphtheria: 

An  instance  was  found  of  a  child  which  had  not 
previously  had  diphtheria,  but  v/ho  v^as  exposed  to  diphther- 
ia in  a  brother  in  1919  and  at  that  time  this  child  became 
a  carrier  for  several  weeks.   One  year  follov/ing  this  car- 
rier state  this  child  was  again  intimately  exposed  to  a 
playmate  who  had  clinical  diphtheria.   This  time  he  con- 
tracted the  usual  pharynp;eal  form.   It  seems  reasonable  to 
suppose  that  he  was  immune  during  his  carrier  state  and 
this  occurrence  sugt^ests  that  naturally  acquired  iraiiaxnity 
to  diphtheria  may  be  transient.   This  child  had  received 
no  antitoxin  previous  to  his  clinical  attack.  (Case  1,  Per- 
son 4. ) 
*Brownlee,  Proc.  noyal  Soc.  Ked.,  June,  1909. 


An  instance  was  found  of  a  fajnily  in  which  a 
boy  had  a  typical  attack  of  diphtheria  in  l.ovember,  1919, 
with  recovery  follov/ing  large  doses  of  antitoxin.   In 
November,  1920  this  same  boy  had  a  definitely  positive 
ScMck.   (Case  1,  Person  5.)   This  case  is  of  interest  in 
its  bearing  on  the  question  of  active  iraiiainity  production 
when  passive  imr:iunity  is  present.   Park  notes  that  about 
75  percent  of  clinical  diphtheria  cases  who  recover  without 
antitoxin  have  a  positive  Schick.   It  will  be  of  signifi- 
cance to  learn  whether  the  administration  of  antitoxin 
precludes  the  development  of  an  active  immunity.   One  in- 
stance (Case  1,  Person  1)  was  found  of  un  adult  v/ho  had 
diphtheria  years  ago  without  antitoxin  who  is  now  Schick 
negative. 

Cases  2,  9  and  39  give  instances  of  the  existence 
of  nasal  infection,  sometimes  with  membrane,  but  without 
evidence  of  toxaemia.   There  is  one  doctor  in  the  southern 
section  who  com  :only  finds  and  reports  these  cases  and, 
according  to  the  record  clerk,  such  cases  are  almost  never 
reported  by  other  physicians.   It  would  seem  as  though  these 
cases  were  frequently  overlooked.   Their  significance  from 
the  viewpoint  of  spread  seems  to  be  large  and  they  justify 
the  routine  procedure  of  nasal  cultures.   It  seems  as  though 
the  organism  might  have  difficulty  in  producing  toxin  in 
the  nasal  situation,  but  Dr,  Perkins  of  Cleveland  tells 
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of  having  autopsied  two  cases  with  only  nasal  diphtheria. 

The  use  of  diphthci'la  antitoxin  therapeutically 
and  prophylactically : 

Of  the  100  clinicf-il  cases  studied,  antitoxin  was 
given  to  each  one.   At  any  rate,  in  the  fev/  doubtful  cases 
in  v/hlch  antitoxin  has  not  been  f?;iven  at  our  first  visit 
and  in  which  no  subsequent  note  was  made,  there  was  at 
least  coititoxin  v/ithdrawn  for  the  patient  from  the  Health 
Department  at  the  request  of  the  physician,  and  it  is  as- 
sumed that  this  was  administered. 

The  contacts  of  clinical  cases  receiver:  antitoxin 
prophylactically  according  to  the  individual  opinion  of  the 
attending  physician.   So  far  as  is  known,  no  physician  in 
this  series  made  Schick  tests  to  determine  whether  or  not 
antitoxin  was  necessary  prophylactically.   In  fact  v/e  found 
considerable  difficulty  in  explaining  to  these  physicians 
the  usefulness  of  the  Schick  reaction,  of  which  most  of 
them  knew  nothing.   The  doses  given  prophylactically  were 
within  the  usual  limits  and  quite  generally  were  1000  units. 

The  following  table  shows  the  number  exposed  and 
the  number  v/ho  received  antitoxin  in  several  age  groups: 
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Number   Number 
Age      Exposed  Receiving  Percentage 
Antitoxin  Protected 


0-4 

53 

18 

34.0 

5-9 

53 

13 

24.5 

10-14 

39 

10 

25.6 

15-19 

26 

4 

15.4 

20  &  + 

265 

30 

11.3 

Total     436  75        17.2 

During  the  course  of  the  field  v/ork  vie   have 
encountered  instances  of  great  ignorance  of  the  use 
of  antitoxin.   Fortunately,  cases  of  failure  to  use 
antitoxin  in  sufficient  quantity  are  rare.   Our  small 
experience  indicates  that  the  blame  for  the  late  ad- 
ministration in  the  city  usually  rests  on  the  parent 
who  failed  to  summon  the  physician  in  time.   There  are, 
hov/ever,  a  number  of  physicians  who  believe  that  the 
protection  afforded  by  antitoxin  administered  prophy- 
lactically  is  quite  permanent  and  who  feel  that  anti- 
toxin once  administered  will  invariably  end  an  epidemic. 
Some  are  using  antitoxin  subcutaneously  to  promote  the 
disappearance  of  diphtheria  bacilli  from  the  nose  and 
tliroat  of  carriers,  both  convalescent  and  contact.  It 
is  a  noteworthy  fact  that  almost  all  these  families, 
rich  and  poor  alike,  received  the  free  antitoxin  dis- 
tributed from  the  Health  Department, 
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One  instance  of  a  Schick  reaction  change  was 
found  in  the  case  of  the  writer  who  has  never  had  diph- 
theria nor  ever  been  exposed  to  any  extent  previous  to 
the  present  investigation.   In  May,  1920,  six  months 
before  beginning  this  investigation,  he  v/as  very  defi- 
nitely Schick  positive.   In  January,  1921,  eight  weeks 
after  beginning  this  v/ork  and  after  intimate  exposure 
to  many  cases,  he  was  found  to  be  Schick  negative  on  tv/o 
successive  occasions.   The  toxin  used  was  found  to  pro- 
duce typical  positives  among  susceptibles  and  the  test 
v/as  done  by  Dr.  Haxcy  who  had  also  made  the  test  in  Kay, 
1920. 

There  was  found  to  be  present  in  the  nose  of 
this  case  an  organism  morphologically  identical  with 
diphtheria  bacilli  of  the  barred  type,  but  v.hich  was  found 
to  be  avirulent  in  one  culture  taken  January  7th,   This 
same  form  persisted  in  the  nose  v/ithout  any  symptoms  un- 
til March  1st,  after  which  two  cultures  were  negative. 
This  finding  suggests  the  role  which  avirulent  bacilli 
may  play  in  the  acquiring  of  natural  active  imnoinity. 
Several  observers  have  shovm  that  medical  students  have 
fewer  positive  Schicks  at  the  end  than  at  the  beginning 
of  a  school  year,  tmd  the  supposition  is  that  these  men 
have  been  caught,  so  to  speak,  when  they  were  ctcquiring 
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the  natural  iranunity  which  so  many  adults  have.  Although 
this  single  instance  may  be  unrelated  to  the  carrier  state 
of  tin  avirulent  organism,  it  is  at  least  sug./estive  that 
the  mechanism  of  active  imnninity  may  depend  on  the  pres- 
ence of  the  diphtheria  bacillus,  possibly  of  the  aviru- 
lent variety. 


^   ^p 


